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For many daily clinical questions at the bedside
high quality evidence is lacking



The promise of machine learning in medicine

The wisdom contained
in the decisions made by nearly all clinicians
and the outcomes of billions of patients
should inform the care of each patient

Rajkomar NEJM 2019



The ICU is a natural habitat for Al/ML

eLots of data

e High mortality

e Uncertainty on diagnosis and prognosis
e Decisions with consequences



we have a problem



> Intensive Care Med. 2020 Jul;46(7):1486-1488. doi: 10.1007/s00134-020-06045-y.
Epub 2020 May 12.

Machine learning in intensive care medicine: ready
for take-off?

Lucas M Fleuren 1 2, Patrick Thoral 2, Duncan Shillan 4, Ari Ercole ® €, Paul W G Elbers 3 ©;
Right Data Right Now Collaborators
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> Intensive Care Med. 2021 Jul;47(7):750-760. doi: 10.1007/s00134-021-06446-7.
Epub 2021 Jun 5.

Moving from bytes to bedside: a systematic review
on the use of artificial intelligence in the intensive
care unit

Davy van de Sande ', Michel E van Genderen 2, Joost Huiskens 3, Diederik Gommers 1,
Jasper van Bommel '
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Fig. 3 Number of studies published according to their level of readiness and year of publication. The total number of studies reporting on model
development and prototyping (level 3 and 4), increased rapidly from 30 studies per year in 2017 to 92 studies per year in 2019. Furthermore, the
number of studies per year reporting on external validation (level 5) increased from two in 2017 to seven in 2019. The current movement is mainly
horizontal whereas the desired movement is diagonal, i.e. towards clinical evaluation



> JAMA Netw Open. 2025 Jul 1;8(7):€2522866. doi: 10.1001/jamanetworkopen.2025.22866.

Operationalization of Artificial Intelligence
Applications in the Intensive Care Unit: A Systematic
Review

Willemijn E M Berkhout 1 2, Julia J van Wijngaarden ' 2 2, Jessica D Workum 1 2 4,
Davy van de Sande 1 2, Denise E Hilling 2 ®, Christian Jung © 7, Geert Meyfroidt & 9,
Diederik Gommers 7 2, Stefan N R Buijsman 19, Michel E van Genderen 1 2
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)
Barriers

el ack of data availability
o Legislation, competition

el ack of implementation
o Legislation, security

el ack of understanding
o Doctors are no data scientists and vice versa



Major barrier: lack of data sharing






Elephants

e Clinicians/researchers perceive data as
o Their property
m to remain leader in the field?

e Hospitals perceive data as
o Source of revenue?
o Claim to fame?
o Risk of uncovering suboptimal practice?



All intensivists learn from
every single patient they treat



So, is there such a thing
as patient data ownership?



Healthcare Solidarity = Data Solidarity



Sharing is caring

AmsterdamUMCdb — 1 center — Amsterdam, The Netherlands
HIRID — 1 center — Bern, Switzerland

MIMIC — 1 center — USA

Northwestern ICU - 1 center - USA

SICdb — 1 center — Salzburg, Austria
MIMIC-Brazil - 1 center - Brazil

K-MIMIC - 10 centers - Korea

elCU - many centers - USA

CLIF consortium - federated - USA
INDICATE - 15+ centers - federated - EU
|ICUdata4EU - 18+ centers - federated - EU
CRITICAL - 4 centers - USA

ICUdata.nl - 12 centers - NL



> Crit Care Med. 2022 Jun 1;50(6):e581-e588. doi: 10.1097/CCM.0000000000005517.
Epub 2022 Mar 2.

Systematic Review and Comparison of Publicly
Available ICU Data Sets-A Decision Guide for
Clinicians and Data Scientists
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Miguel A A de laHoz 2 23 6 Lasith Adhikari 7, Kirsten A Ziesemer 8, Armand Girbes ?,

Patrick J Thoral 1, Paul Elbers
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> J Crit Care. 2025 Dec:90:155205. doi: 10.1016/).jcrc.2025.155205. Epub 2025 Aug 6.

Sharing is caring: A systematic review of publicly
available intensive care data sets
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L Adhikari ©, Z Zhang 7, M Faltys &, N Rodemund 2, P J Thoral ®, L A Celi '°, P W G Elbers °

Affiliations + expand
PMID: 40768939 DOI: 10.1016/j.jcrc.2025.155205



Vasopressor usage

Renal replacement therapy usage

Mechanical ventilator usage

ICU mortality

Severity of illness based on mortality and organ support, in percentages

AmsterdamUMCdb
elCU-CRD

HiRID

MIMIC-IV

NWICU

SICdb

ZFPH infections

40

50

6

o

Ll

70




AmsterdamUMCdDb



> Crit Care Med. 2021 Jun 1;49(6):e563-e577. doi: 10.1097/CCM.0000000000004916.

Sharing ICU Patient Data Responsibly Under the
Society of Critical Care Medicine/European Society of
Intensive Care Medicine Joint Data Science
Collaboration: The Amsterdam University Medical
Centers Database (AmsterdamUMCdb) Example
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Privacy
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Data Utility



Initial de-identification

* Remove patients opting out

* Mask patient IDs and admission IDs

* Delete all other direct identifiers

* Remove all images and free text fields except labs
* Make all dates and times relative to first admission

Data Lake

Maintain utility
while protecting privacy
* Further de-identification
» Generalization
* Suppression
« Contractual Measures
« Reference
e Training
* License Agreement

Adequate
de-identification?

External Review

e Privacy Experts

» Ethics Experts

« Patient Organisations
* Supporting Hospitals

External > Release of
Approval? AmsterdamUMCdb




re-identification not reasonably likely



Personal Data
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HIPAA Privacy Rule

De-identification Methods

Expert Determination
164.514(b)(1)

Apply Statistical or Scientific
Principles

Very small risk anticipated
recipient could identify
individual

Safe Harbor
164.514(b)(2)

Removal of 18 types of
identifiers

No actual knowledge residual
information can identify

individual




Governance

® End user license agreement
O requires the signature of a practicing intensivist
O training on data integrity

® Opt-out procedure

® Audits
O Patient organizations
O External experts on ethics and privacy
O Supporting hospitals

® Controlled access protocol for source data
® Education and delegation logs

® Continuous quality control cycle
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Access Request Form and End User License Agreement for AmsterdamUMCdb

Please fill out and sign this form to request access to AmsterdamUMCdb both for yourself, the main applicant,
and for your reference. Your reference should be a practicing intensivist, easily identifiable as such through an
online directory, institutional web page or an equivalent source. Both you and your reference should sign this
form, agree with the terms of the End User License on this form and share the associated responsibilities.



By signing this form, we formally request access to AmsterdamUMCdb and we formally accept the

terms of the End User License on this form

Intended use

About you, the main applicant About your reference

Full name

Affiliation

Institutional E-mail

Date

Place

Signature




Terms of the End User License Agreement

1.

H W

10.

11.

12.

We will only share access to AmsterdamUMCdb or any part thereof with those whose access request form
has also been approved by the administrators of AmsterdamUMCdb and not with anyone else and only after
specific additional approval by e-mail by the administrators of AmsterdamUMCdb.

We will only use AmsterdamUMCdb and any results from using AmsterdamUMCdb for lawful, non-
commercial, scientific research purposes.

We will avoid any attempt to re-identify anyone or anything in AmsterdamUMCdb.

We will avoid any disclosure of the identity of anyone or anything in AmsterdamUMCdb.

We will immediately notify the administrators of AmsterdamUMCdb if we suspect that anyone other than us
has gained access to AmsterdamUMCdb or if we suspect that there is any possibility to re-identify anyone
or anything in AmsterdamUMCdb and report on this in such detail that allows for corrective action.

We will deposit all code we write to interact with AmsterdamUMCdb to the AmsterdamUMCdb GitHub
repository.

We will actively attempt to involve intensive care professionals of Amsterdam UMC in our projects related to
AmsterdamUMCdb to provide domain expertise and academic guidance and we will request them to
participate as co-authors on our publications related to AmsterdamUMCdb, in which we will also
appropriately reference AmsterdamUMCdb.

We agree that the Foundation VUmc, the legal entity of one of the hospitals of Amsterdam UMC, will store
our personal data on this form for administrative purposes, for analytical purposes and to publish these
personal data and the results of those analyses online.

We confirm that the main applicant has completed the DSOR course from CITI, the BROK course from NFU
or an equivalent course and we have attached proof.

We confirm that the reference of the main applicant is a practicing intensivist who is willing to assist the
main applicant by providing domain expertise.

We acknowledge that our obligations with respect to AmsterdamUMCdb shall also continue after
termination of this agreement for any reason.

We agree that if we fail to meet any of the aforementioned terms, we will immediately be required to pay to
Foundation VUmc, the legal entity of one of the hospitals of Amsterdam UMC, either the sum of ten
thousand euros and an additional one thousand euros for every day such failure continues, or the real value
of damages, lost profit and potential lost profit incurred by such failure, whichever amount is higher.



Hypothetical Plausible Adversaries

friendly researcher’
might inadvertently re-identify an acquaintance

‘rogue researcher’
might deliberately re-identify someone
using public information

‘rogue insurance company’
might seek, albeit illegally, to re-identify someone
using the company database



P(re-id) = P(access) * P(intention) * P(re-id | public)



Chance or risk Average risk based Maximum risk based

Adversary P(access) P(intention) P(re-id) k-anonymity [diversity P(re-id) k-anonymity [diversity § P(final risk)
Friendly Researcher 1.00 0.20° 0.046 89 26 0.50 2 2
Rogue Researcher 1.00 0.10 0.046 89 26 0.50 2 2

Rogue Insurance Company 0.27 0.10 0.010 619 69 0.50 2 2

* acquaintance risk, the risk of knowing somebody in the database. 1 using strict average risk. § using maximum risk.



Joint press release by
e Amsterdam UMC
e The European Society for Intensive Care Medicine (ESICM)
e The Dutch Society for Intensive Care Medicine (NVIC)

\" Amsterdom UMC

Universitair Medische Centra

Amsterdam UMC makes data about intensive care patients available to save
lives
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Privacy Audit:
data qualify as anonymous
in the context of the GDPR

Ethics Audit:
the principle of duty of easy rescue applies
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Editorial > Intensive Care Med Exp. 2024 Mar 12;12(1):29. doi: 10.1186/s40635-024-00615-w.

The ESICM datathon and the ESICM and ICMx data
science strategy

Paul Elbers ', Patrick Thoral 7, Lieuwe D J Bos 2, Massimiliano Greco 3
Pedro D Wendel-Garcia 4, Ari Ercole ®
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OBSERVATIONAL HEALTH DATA SCIENCES AND INFORMATICS

Standardized Data: The OMOP Common Data Model

The Observational Medical Outcomes Partnership (OMOP) Common Data Model (CDM)
is an open community data standard,
designed to standardize the structure and content of observational data
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AmsterdamUMCdb Van Gogh 2026.01 OMOP

e Supported by Amsterdam UMC Innovation Grant

Endorsed by ESICM and NVIC

e Multiple sources
o VUmc MetaVision, AMC MetaVision, Amsterdam UMC Epic
o Alignment with ICUdata project
o Includes data collected for NICE registry

e Extensive stakeholder involvement

e Largest freely available high-granular GDPR compliant intensive care database worldwide
o 78k admissions, 65k patients, 2003-2023

e Staged release strategy
o Soft release during the 8th ESICM Critical Care Datathon
o Final release expected in 2026

e Future
o Waveforms?
o Free text?



Wish list

Cleaner and more inviting interface

Custom forms and license

Automatic social verification

Automatic approval of cloud access to the data source
Better dashboards



